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The definition of shelter is that something that protects, or a place of 
providing a protection from the elements of danger. Shelter is also a place that 
provided food and lodging on a temporary or emergency basis. Emergency shelter 
are places for the victim of natural disaster or manmade disaster to temporary live 
when their previous home are in bad shape or cannot be used again. Many type of 
this shelter are depending on the type of disaster that happens in that area. Mainly, 
these shelters are to provide some protection to the victim from the rain, cold wind 
and some privacy but not as comfortable as their homes. This shelter must have the 
basic living to the victim such as wall, roof and floor. Relief shelter is just a 
temporary structure that used before the victims have a proper place to live. This 
report is intended to design the safest and easy to erect and store the shelter. The ease 
of transportation is also one of the main concerns on designing the shelter. The 
discussion part will explain more about the result and the design for the shelter. The 
recommendation for improvement also provided at the end of this report. As for 
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The main purpose of a relief shelter is to give the need a place to stay before they 
have a permanent place to live. These relief shelters need to be erect in short time 
hence it can give the need a place to stay. A relief shelter must have these following 
conditions in order gave the needs a proper place to live in: 
1. The shelter can be erected fast 
2. The shelter can be stored in small space when it not being used 
3. The shelter is easy to erect, no need to use special tool. 
4. There no need to have a permanent foundation, but it can sustain moderate 
wind speed. 
5. The shelter can be used for many times. 
1.1 PROBLEM STATEMENT 
In recent year, when a disaster happens, most of the survivors will just live in 
tents that are not so comfortable. They usually will live in the tents for a long period 
of time before they will have permanent homes to live in. to gives the survivor a 
proper life after the disaster, a relief shelter that can provide the feel of living in a 
home must be built. 
1.2 OBJECTIVES OF REPORT 
The objectives of the project are as follows: 
1. To do a research on the type of structure that meets the criteria of a relief 
shelter. 
2. To gather relevant information from previous researches in order to 
understand the behaviors. 
I 
1.4 SCOPE OF STUDY 
The scope of this study would be on the main structure behavior by analysis 
and modeling. For this paper, it would focus only on the analysis. The initial works 
are to have a structure that can be easily be erected when a disaster happen. This 
structure also can provide the necessary living of the survivors. To have all the 
requirement, a foldable relief shelter are chosen due to the performance when a 
disaster happens. Foldable shelter system is rapidly assembled structure which use as 




Review for the study was taken abundantly from journals. Basically, spot to be 
highlighted for the study consists the material that used in the construction, the 
mechanism of the shelter. Here are some notes taken with the study. 
From the Hambleside Danelaw Ltd Press Release - 12 April 2007. A relief 
shelter that is need to be built must easily erected by the people for a short amount of 
time and the shelter can be built on the uneven ground so it is ideal be used in the 
mountainous regions. The Hambleside Danelaw also stated that the shelter system 
can be easily transported, insulated lightweight and they meet these following 
features: 
1. The shelter did not require any tools to be erected. 
2. No foundation required for the shelter. 
3. The components for the shelter are interchangeable and no construction skill 
required. 
4. The level base for the floor is designed for making it is easily adjusted. 
5. The construction panel are insulated in order to provide warmth or coolness 
to meet the climate conditions of the area. 
6. The structure can be adjusted to meet the family's own requirement. 
7. The structure can also collect and store rain water. 
8. The structure also can be dissembled and re constructed without giving any 
environmental impact on the land 
9. The structures have the life expectancy for ten years. 
10. All the components are lightweight to ensure the ease of transportations and 
handling of the structure. 
The Hambleside Danelaw shelters are constructed from a material they called 
glass reinforced polyester (GRP) that is recyclable. These materials have a long 
life of expectancy and the modern high grade UV protection. This GRP are also 
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light in its weight so it will not give any injuries to the people that used it in case 
of a failure in constructions occurs. 
Metals and GRP have two principle differences that are in the modulus and 
its density. The lack of stiffness sheet material is the most important feature of 
the GRP. The GRP elongation before break are 1% to 2% compared to the steel 
that about 40%. The deformation of GRP material are almost elastic to the failure 
point compared to steel that are 0.2%. 
Below is the comparison of different material on its own characteristic 
Material Glass content SI»itir gravity Tensile soength Tensile modulus Slwtific su«ngth 
t, 1 Pa (i Pa M P, + 
POIy'PSIPI! OIdSS IOVIIIO 54 70 1.9 soo 3(7' 4(iii< 
Polyester! glass doth 38 55 1.7 300 15 200 
Polyesteirqlass mat 18 3U 1.4 1 tK1 7 
Mild sthel i>Ttucltiralj 7. B 310 200 
Uuralumin 2.8 4S0 70 
Douglas fil Q. 5 75 13 
Hickoiy 0.8 15U 15 








Material Grade >p . crftc Elastic hoot strength Impact Specific . <iflc 
gravity modulus Trnsde COmpi¬SSive strength strength modulus 
Kf; m2 P. 4Pa GP., 
Mild ttr-oI B. S. 15 7.3 207 24U bl'J 54 31 27 
Aluminium alloy HE 15 WP 2.7 69 417 417 25 154 2c. 
Stainless steel 316 7.92 193 241 241 1 356 30 24 
Random (, RP 33' 1.47 8 12 ü 75 75 54 5 
Un, direction, ºI GRP 82' 2.16 5.450 250 250 417 29 
Material COMPARATIVE THERMAL PROPERTIES 
Thermal Coaductit"it; Theiu+al Expamr: nr Alaxinuun Working 
Coeffi<ü-nt Trrnperature 
t'JýmK x i0 ; ý(. ýC 
Mild Stoel 0.2 10 175 
Alununium Alluy o. 3 30 250 
Stainless Steel 50 12 400 
Random GRP 2 ßU 23 209' 
The main material for the Hambleside Danelaw shelter is the GRP. This GRP have 
the aesthetically finish that means it is not require painting but only a simple basic 
cleaning maintenance. 
(GRP provides a light weight, durable and tough construction material. In this 
application it is either translucent, or colour pigmented. GRP is a combination of a 
resilient durable resin with an immensely strong fibrous glass. The GRP skins for all 
the composite panels used in the current development phase have a nominal 
thickness of I mm. For certain applications the thickness of the GRP skins might 
need to be increased. The Company manufactures GRP products in thicknesses of up 
to 4mm and incorporates a range of different reinforcement materials which can 
allow it to achieve great strength. The pultruded GRP sections used within the 
system provide considerable strength and durability. Polyester has excellent 
resistance to most substances. It is resistant to acids, oxidizers such as hydrogen 
peroxide and most solvents. It has excellent resistance to hydrocarbon fuels, oils and 
lubricants. It is however attacked by strong alkalis such as concentrated solutions of 
sodium hydroxide (caustic soda), calcium hydroxide (lime, mortar), ammonia, 
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trisodium phosphate or sodium carbonate (washing soda, soda ash)) Hambleside 
Danelaw ltd 2007. 
This GRP material has its own advantages: 
1. Corrosion resistance 
2. Lightweight material, so it reduces the risk of injury. 
3. Salt water, sulphur or chlorine resistance. 
4. Have a long life span. 
5. Recyclable. 
From the journal from European Journal of Scientific Research, ISSN 1450- 
216X Vol. 33 No. 1 (2009), pp. 115-122 EuroJournals Publishing, Inc. 2009 that the 
research is made by Emadudeen Ibrahem, Abdul Khalim Abdul Rashid and Rozilah 
Hamid. They have designed a relief shelter that is portable and transportable. The 
shelter system have four sides that connected the floor by the using the hinges. The 
design also divided the roof into two sides, the one side is connected to the front side 
and the other one is connected to the back side. The folding system works when the 
front side that has the half roof is fold over the floor, then follows by the back side 
with the other half of roof is folded over the front side. Then the side wall that is the 
right and left wall are lying on the back side. For setting up process, it is the inverse 
of the folding process. 
For the design part for these researches, the authors have done the calculation 
by using basic formula to find the shear strength. (Many factors considered in design 
of foldable and transportable shelter system. Like, cost of construction, weight of 
structure,, transportation, and effect of wind loading. In order to select the suitable 
sections for members of real structure frame and to show that the structure is fit for 
its purpose, safe, economical and durable, the affects of loading on the structure 
studied and calculated according to the equations and limits of B. S. The shear 
capacity Pv for steel sections determined due to the following equation: 
Pv= (0.6Py x AD D+ B) (1) 
Where 
Py is the design strength of steel, 
A is the area of the cross section, 
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D is the overall depth 
and B is the overall width. 
The classifications of rectangular and square hallow sections which selected from 
tables in British Standard, BS 5950-1: 2000, Tables of dimension and gross section 
properties are taken from, the steel construction institute, 2001 and MISIF Malaysian 
Iron & Steel IndustryFederation, Directory2004/2005, index to iron and steel 
manufacturers in Malaysia was class 1 (plastic). So that the bending moment capacity 
Mc computed from: 
Mc=PyS (2) 
Where S is the plastic modulus of the section. 
The roof and sides frames designed to cover with corrugated steel sheet selected 
from tables in British Standard, BS 5950-1: 2000, Tables of dimension and gross 
section properties, the steel construction institute, 2001 which its classification is 
class 3 (semi compact). Thus the bending moment capacity Mc for roof and floor 
deck sheet calculated from the fallowing equation: 
Mc=PyZ (3) 
Where Z is the section modulus. 
For wall corrugated steel sheet selected from tables in British Standard, BS 5950- 
1: 2000, Tables of dimension and gross section properties, the steel construction 
institute, 2001which assumed as column to transfer loading from roof to floor beam 
satisfied the fallowing equation from B. S British Standard, BS 5950-1: 2000, 
Structural use of steelwork in building. 
(Fc Mx My l 
Mbs PyZyl -1 `Pc 
++ 
Where Fc is the compressive force due to axial force, Mx is the nominal moment 
about the major axis, My is the nominal moment about the minor axis, Mbs is the 
buckling resistance moment, Pc is the compression resistance force. 
The value of deflection has been considered to be less than the value span / 
200 due to suggested limits in. Roof deck sheet designed to support the affect of 
wind load on the construction and wall cladding sheet proposed to transfer loading 
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from roof to floor beam. The affect of live load on the roof and floor has been 
considered in the design. It has been observed from applying equation of moment 
capacity on main floor beam of the system (Double sec. of 75 x 75 mm) for example 
that when the thickness increased the value of Mc bending moment capacity 
increased too, because the increasing of value S plastic modulus of the section due to 
increasing of thickness. 
To explain the relationship between the thickness and actual deflection for same 
member of the system, it may apply the following equation to get the values of actual 
deflection. 
Actual deflection = 
5W13 
(384E1) 
Where W is the total imposed load, L is the length of beam, E is the modulus of 
elasticity of steel, I second moment of area. ) Emadudeen lbrahem, Abdul Khalim 
Abdul Rashid and Rozilah Hamid. (2009). From this it is known that before the 
selected material is found, the preliminary calculation are needed to ensure that the 




3.0 How the system works 
This relief shelter is basically round shape that has a dome type of roofing. 
The important structure for this shelter is it own trusses that made the structure a 
look. This shelter has seven columns that connected to each other on a small 
diameter of railing on their top. This type of shape provides sloping surfaces for the 
roof to make the flowing water due to rain much easier over the structure. This dome 
type of shelter also provides a circulating heat to the people who need it so that the 
victims of a disaster does not entirely depends on thick cloth or thick blanket to get 
warm. 
This setting up for this shelter is so easy and it is not require any special 
tools to erect it. The setting up for this tent is basically pulling the frames from the 
fold state until it transform to fully circle. Before the frames can be pull, the 
foundation for the frames number five need to be push inside the ground so it will be 
the base point for the shelter to transform. This foundation is needed to be plug in the 
ground so it will provide more strength to the shelter against wind of small earth 
quake. After the setting up process is done, all the leg for the frames (the foundation 
for shelter) need to be push to ground. This is to ensure the shelter is more resistible 
to wind and small earth movement. 
The folding process for this system is archived by taken out all the leg 
(foundation) of the shelter from the ground. Then the shelter need to be pulled 
towards the leg (or frame) no five. This process is the opposite from the setting up 
process. This type of mechanism is used to lessen the time needed to setting up a 
shelter for those who needed it. This mechanism can be archived due to the 
simplicity of the mechanism that used. 
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The basic frames that is the leg of this structure are connected with ring at 
the top of the shelter that then connected to a medium size circular ring that act as 
the centre and also as the point where all the frames meet. This centre point was also 
design to collect rain water. This rain water will be transfer into a container trough a 
pipe, this centre point also have a switch valve to control the water now. This centre 
point if not used for collecting rain, it can also can be used as a ventilation system 
when the weather are hot. 
For the cover up that used for the roof and wall, this cover up will provide 
the protection for the refugee (victims) from the rain, wind, direct sunlight, and also 
privacy. This cover up is fix on the frames, hence, the setting up process will not 
require to place the cover up to the frames, this cover up will automatically 
converges according to the frames movement. Hence the setting up process will take 
less time to be done. 
3.1 Design formula 
To design the foldable and transportable shelter system, the factor that needs 
to be included so that the design is not wasting any material. For example, the weight 
of the shelter, the cost of building the shelter, the material strength for the frames and 
the type of the fabric that been used must be considered first before the final design 
is done. All of these factors need to be taken care so that the shelters are safe, 
durable, and economical and also meet the purpose of building the shelter. 
The wind loading factor is one of the design parameter that needs to be 
considered in designing the shelter. This is because, the wind velocity tend to give 
the shelter more load acting to the main frame. This is because, the weight of the 
fabric that used to cover up the shelter and also became the roof and wall to the 
shelter is not so heavy or in other words it can be neglected. For this matter, the 
structural dynamic of the shelter need to be find. 
The design of this structure is based on the average wind speed that most 
likely happens in the country that always faces natural disaster. The wind speed is 
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taken at 40m/s. This value of wind speed can be varies with the location of the states 
that need the relief shelter. 
To design this structure we need to know the wind directionally factor (Kd) 
that can be found in the ASCE 7-05 code on table 6-4. The velocity pressure Kz are 
obtain from the formula: 
Kz=2.01(Z)ý 
Zg 
The design of the shelter is follows the Chapter 6 of ASCE 7-05 as cited 
below: 
6.5.3 Design Procedure. 
1. The basic wind speed V and wind directionality factor Kd shall be 
determined in accordance with Section 6.5.4. 
2. An importance factor I shall be determined in accordance with Section 6.5.5. 
3. An exposure category or exposure categories and velocity pressure exposure 
coefficient Kz or Kh , as applicable, shall be determined for each wind 
direction in accordance with Section 6.5.6. 
4. A topographic factor Kzt shall be determined in accordance with Section 
6.5.7. 
5. A gust effect factor G or Gf as applicable, shall be determined in accordance 
with Section 6.5.8. 
6. An enclosure classification shall be determined in accordance with Section 
6.5.9. 
7. Internal pressure coefficient GCpi shall be determined in accordance with 
Section 6.5.11.1. 
8. External pressure coefficients Cp or GCp f, or force coefficients Cf , as 
applicable, shall be determined in accordance with Section 6.5.11.2 or 
6.5.11.3, respectively. 
9. Velocity pressure qz or qh, as applicable, shall be determined in accordance 
with Section 6.5.10. 
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10. Design wind load p or F shall be determined in accordance with Sections 
6.5.12,6.5.13,6.5.14, and 6.5.15, as applicable. 
After all the steps and formulas have been find and calculated. The design 
wind speed can be determined by using the following calculation for the low rise 
structure: 
p= qh [(GCP. f )- (GCPI )] (Ib/ft2) (N/m2) (6-18) 
Where; 
qh = velocity pressure evaluated at mean roof height h using exposure defined in 
Section 6.5.6.3 
(G(pf) = external pressure coefficient from Fig. 6-10 
(G(, j)i )= internal pressure coefficient from Fig. 6-5 
All the value for calculation part are been determine by using the Chapter 6 
of the ASCE 7-05. From this calculation, the material for the frame can be 
determined so that this shelter can withstand the natural condition that is the wind. 
This frame is the most critical part for this structure. These frames are design strong 
enough so it can provide long term serviceability. 
3.2 Design drawing 
Figure 1: Top view of the shelter 
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Figure 2: Side view of the shelter. 
Figure 3a: Overall view of the shelter 
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Figure 4b: Detail view of the top structure. 
The dimensions for the structure are 2m in diameter for the base of the 
shelter, the height of the structure is 2m, the sliding mechanism of the circular shape 
and also the water catchment for area is 30cm in radius, and the ring for the holder is 
1cm in radius. This dimension is taken due to the estimated person that can live in 
the shelter is from 2 to 3 adult person at one time. 
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CHAPTER 4 
RESULTS AND DISCUSSION 
4.0 Wind Loading Calculation 
As the shelter is a low rise structure. The calculation that used from the ASCE 7- 
05 is the one used for the low rise structure/building that is less than 60ft or 18.3m. 
The calculation part for the wind loading is as below. 
H=2m 
Wind velocity (v) = 30m/s 
The exposure category = exposure D category I 
1) Wind directionally factor Yd (table 6.4) 
Kd = 0.95 
2) Topographic factor K,, 
Kn= 1 
3) Velocity pressure KZ By referring to table 6-3 case 3 
Kt = 2.01(Z/Zd^(2/a) 
= 0.892 
4) Determine qZ = 0.613KZ*Kzt*Kd*V2I 
qZ 0.613*0.892*1*0.95*1600*0.87 
= 406.734n/m2 takes 480n/m2=0.48kn/m2 
5) Natural frequency of vibration = 0.1Hz 
6) Gust effect factor (6.5.8.2) 
Gf= 1.358 
7) Design wind pressure (6.5.12.2.2) 
P= qh [(GCpf)-(GC )] 
= 0.168Kn/m2 
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After the wind loading calculation has been done. The result of wind loading 
will be used as one of the factor for designing the structure dimension and the cover 
up material. 
The dimensions of the structure are design by using the STAAD pro 
software. The design drawing of the structure is inserted into the STAAD software. 
The wind loading is added as one of the forces for the structure to sustain among 
other forces such as the self weight of the structure and the cover up weight. 
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4.1 STAAD Pro summary 
The design of the shelter will have some deflection when it is imposed to the 
wind loading and also the own weight of the structure. Below are the maximum 












4 2.341 1.282 2 821 0.082 -3.32 -0.105 
16 2.311 0.641 2 832 0.136 -3.289 0.011 
8 1.908 0.641 2 1008 0.256 -3.446 0.066 
10 1.843 1.282 2 1043 0.136 -3.428 -0.225 
12 1.148 1.282 2 1676 0.339 -3.115 -0.008 
7 1.146 1.282 2 1678 0.247 -3.109 -0.232 
8 0.86 0.962 1 2236 0 0.977 -0.115 
7 0.859 0.962 1 2237 0 0.977 0.115 
16 0.854 0.962 1 2251 0.081 0.977 -0.081 
12 0.854 0.962 1 2251 -0.081 0.977 -0.081 
14 0.854 0.962 1 2251 -0.081 0.977 0.082 
10 0.854 0.962 1 2252 0.081 0.977 0.082 
4 0.849 0.962 1 2265 0.115 0.977 0 
3 0.848 0.962 1 2266 -0.115 0.977 0 
14 0.7 0.641 2 2748 0.328 -2.903 -0.185 
3 0.658 0.641 2 2924 0.358 -2.897 -0.103 
6 0.144 0.992 2 11771 0.093 -0.039 -0.094 
9 0.114 0.992 2 14919 0.133 -0.039 0.001 
5 0.103 0.992 2 16533 0.085 -0.029 0.015 
15 0.095 0.85 2 17884 0.132 -0.024 -0.078 
11 0.063 0.85 2 27117 0.047 -0.025 -0.051 
13 0.047 0.992 2 36218 0.056 -0.023 -0.007 
5 0.012 0.992 1 138878 0 0.003 -0.01 
6 0.012 0.992 1 139430 0 0.003 0.01 
1 0.01 0.425 2 175653 0.037 -0.012 -0.012 
2 0.009 1.275 2 183047 0.032 -0.029 -0.045 
9 0.009 0.992 1 196214 -0.007 0.003 -0.007 
11 0.009 0.992 1 196764 0.007 0.003 0.007 
15 0.009 0.708 1 196767 -0.007 0.003 0.007 
13 0.009 0.992 1 197502 0.007 0.003 -0.007 
1 0 0.992 1 4E+07 -0.01 0.003 0 
2 0 0.992 1 4E+07 0.01 0.003 0 
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1 1 -0.016 -0.042 0 0 0 0.007 
2 0.081 0.549 0.373 -0.014 0 -0.073 
3 1 0.016 -0.042 0 0 0 -0.007 
2 -0.675 0.381 0.127 0.008 0 0.041 
7 1 0 -0.042 -0.016 -0.007 0 0 
2 -0.306 0.547 0.675 0.054 0 0.018 
9 1 0 -0.043 0.016 0.007 0 0 
2 -0.384 0.717 -0.698 -0.071 0 0.015 
13 1 -0.011 -0.042 -0.011 -0.005 0 0.005 
2 0.224 0.718 0.763 0.061 0 -0.04 
16 1 0.011 -0.043 0.011 0.005 0 -0.005 
2 -0.691 0.547 -0.263 -0.026 0 0.051 
19 1 0.011 -0.042 -0.011 -0.005 0 -0.005 
2 -0.566 0.38 0.388 0.023 0 0.035 
23 1 -0.011 -0.042 0.011 0.005 0 0.005 
2 -0.205 0.549 -0.32 -0.042 0 -0.062 
From the STAAD pro software the dimension of the structure can be determine. 
The dimensions for the structure are: 
" Hollow steel with 0.015m in diameter for the main structure 
" The thickness of the hollow steel is 0.003m 
The material for the cover up material is basically can be any material that is 
waterproof. The material of choice for the relief shelter is the material called No 
Leak that made by the Advance Canvas Industries Ptd Ltd. No Leak is a material 
that undergoes Thermo-welding process where a unique and very strong adhesive is 
heat treated to create a very strong meshing between pieces of fabrics. This process 
is the solution to the problem of sewn fabric covers leaking during very heavy 
rainfalls because the extremely strong bond that is formed ensures little water 
penetration at the seams. This No Leak material comes with a warranty; hence the 
cover up material will last for a longer period of time than other canvas material. 
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Traditional Sewing NoLeak Thermo Welding 
Torn stitches causing 
water leakage 
Seamless thermo welding 
that has no stitching and 
no leakage 
Figure 6: Differentiation between traditional method and No Leak Fabric 
4.2 Discussion 
The objectives of providing shelters are: protection against the elements and 
against vectors, provision of sufficient housing space for families, and restoring a 
sense of privacy and security. Shelters are required in every refugee emergency; but 
the type and design of shelter, who constructs it and how long it should last, will 
vary in every situation 
The foldable and transportable shelter system which studied in this research 
represents temporary housing units for disaster relief. Many factors considered in 
design of this system such as: resistance of wind loading, stability of structure, 
height of whole structure after folding and availability of materials in local markets 
This research provided a foldable and transportable shelter system for disaster relief 
which can be folded, assembled and transported easily to disaster area. 
The important specification for this system was that designed to employ as a 
disaster shelter needs a few number of workers in folding and assembling process 
and it can transport more than one unite in one trip of standard trailer. Besides the 
investigating the structural performance of the proposed foldable and transportable 
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shelter system, other important factors have to be considered in the future research 
studies as; fire resistance, waterproofing tests, supplying services and the economic 
factor. 
In order to reduce health risks, it is essential that site planning and 
organization takes place as early as possible so that overcrowding is minimized and 
efficient relief services are provided. Shelters must be provided as rapidly as possible 
to protect refugees from the environment, and infrastructure installed for the 
necessary health and nutrition facilities, water supply installations, latrines, etc. All 
this must be initiated within the first week of intervention. 
Relief agencies are usually faced with one of two possible situations: either 
the camp is already established with a refugee population that has spontaneously 
settled on a site prior to the arrival of relief agencies, or site planning is possible 
prior to their arrival, for example, when they are being transferred to a new camp. 
Whichever is the case, prompt action must be undertaken to improve the site and its- 
facilities; poor organization in the early stages may lead to a chaotic and potentially 
irreversible situation in regard to camp infrastructure, with consequent health risks. 
For example, lateral expansion of a site must be accounted for from the beginning in 
order to avoid overcrowding if refugee numbers increase. 
Site planning must ensure the most rational organization of space, shelters 
and the facilities required for the provision of essential goods and services. This 
requires supervision by experts (e. g. in sanitation, geology, construction, etc. ) which 
must be integrated into the planning of other sectors, especially water and sanitation. 
It is therefore essential that there is coordination from the beginning between all the 
agencies involved and between the different sectors of activity, especially in an 
emergency situation when time is generally in short supply. 
The foldable and transportable disaster relief shelter structure is using the 
material that is small; hence the weight of the structure is light. By this, if the 
structure faced failure due to the effect of higher wind speeds that more than the 
design, the person that lived in the shelter will not suffer serious injury due the 
lightness of the structure. 
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The structure itself is using the common steel that can be found easily in the 
market. The cost of building the shelter can be low due to the material that is used. 
The design of this shelter is also simple. There are no complicated mechanism for 
the erect and fold process. The simplicity of the process can reduce the time for 
building up the structure for the refugee usage. 
For the cover up material that is used depends on the climate condition of the 
disaster event. Some of the disaster event happens in the cold climate condition. For 
this condition, the cover up material can be thicker than the cover up material that is 
used in the hot climate location. This cover up material can vary from one climate to 
other climate depending on the condition of the location of the place that it will be 
used. 
The design of the shelter are also can give benefit to the refugee other than 
the erect time are less, the shelter also can collect rain water for the usage to the 
refugee. This system is done due the opening at the top of the structure that can be 
used to collect water. This opening is design not only to collect water but it can act 
as the ventilation system during the hot day. The design of the system is to give the 
refugee the comfort that they needed before they can have the ordinary home. 
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CHAPTER 5 
CONCLUSION AND RECOMENDATION 
5.0 Conclusion 
The objectives of designing the Foldable and transportable Disaster Relief 
Shelter are archived. The mechanism of the fold and deployment of the shelter are 
archived due the simplicity of the structure. The design of the structure itself has its 
own benefit. The dome type of structure can provide warmness for the refugee due 
the shape of dome that will circulate heat inside the shelter. This will prevent the 
refugee from suffering to the coldness at night. 
The weight of the structure is also light hence the shelter is easy to transport 
from one location to other location, The lightweight of the shelter is archived from 
the small dimension of the main structure that uses steel as its material. Although the 
structure uses small dimension of steel, it still can provide safety for the shelter from 
collapsing. This is proven from the analysis of the STAAD Pro software. 
The material that used in the shelter is common material that is widely 
available. By this it will easier for large scale of production of the shelter. This 
common material (steel) is also cheap compared to other material such as the alloy 
that is now high in price. For the cover up material, it can use any material of canvas 
as long as the material is the waterproof material and it is depends on the availability 
of the material on the location. 
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5.1 Recommendation 
Several things can be done in order to improve this project: 
" The fold state of the shelter is design so it can be stored in much smaller 
space. The main frame of the structure can be pulled in to save space while it 
not been used. 
" Improve the design so it can sustain more high wind loading. 
" The shelter dimension is much bigger to accommodate more people 
especially for those with family. 
" Design a specific cover up material for been used in specific location, for 




6.0 Cost spent on the research 
For the disaster relief shelter project, the costs that spend on the research are: 
1. STAAD. Pro software that cost around RM 11000. But for this research 
analysis, the software used from the university computer that already 
purchased the software. 
2. Autocad 2007 software that cost around RM 15000. For the designing the 
research, the software that used is from the university computer that have 
already installed the software. 
But overall cost in designing the shelter is nil due to the free usage of the software 
provided by the university. 
The project basically is the analysis project. This analysis is used for further research 
before it can be commercialized to the market. Also, fix price of the material cannot 
be determined due to the changing rate of steel market. Steel price are usually go up 
and down depending on the market condition. 
6.2 Business element and economic values 
The business element in this research is how to save on budget for the shelter by 
reusing the shelter for one disaster to another disaster. This element will help the 
host government to reduce the cost for helping the refugee when a disaster happens. 
As we know, disaster happens are not predictable, by having the durable and long 
lasting of the shelter, government can reduce their cost for buying the shelter over n 
over again on each disaster that happens in the area. The shelter is also small in size 
and light weight hence this will help the transportation and storage of the shelter to 
be more ease. 
The cost of a single shelter maybe expensive, but, if the productions of the shelter 
are large, this will reduce the cost of production for each shelter. The shelter 
25 
structure is made from the common grade of steel. If the shelter structure fails due to 
the time of human error, the steel structure can be recycled and this will help to 
reduce the demolishing cost for the shelter. 
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kü( - 0.023 kNm 
MY - 0.000 kNm 
k12 - 0.035 kfin 
i 
N23 
X- -0.2OS Idl 
Y- OS49 kN 
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kQ - -0.002 kNm 
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kiX - 0.051 ktlm 
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X- 0_224 kll 
Y-0.118 kN 
7-0.163 kN 
61X - 0.061 kNm 
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Support reaction (when the wind Load acting at X direction) 
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1 2 IR; SWAT 1 700 130 "A 20+ 
3 4 PRI SWAT 1 700 1 13l "A (): 
4 PRE SWAT 1 924 1 130 3 234 : 204 
4 2 6 PRE SMAT 1 924 1 130 C 734 C 204 
-- -7 8 PRi SMAT 1 700 1 130 0274 0 204 
9 10 PRE SMAT 1 700 1 130 0 204 : 204 
7 8 11 P131 SWEAT 1 924 , 130 0204 c 204 
12 10 PRE SWAT 1 924 1 130 0 214 : 204 
13 14 PRI SMAT 1 770 1 130 0 704 010.4 
14 15 PW SWAT t 924 1 170 0.294 7.2P4 
16 17 P141 SAtAT 1 70; 1 130 0 704 0 1104 
12 17 18 PPo SMAT 1 924 1 130 0294 0 204 
L 
19 20 PRI SA: AT t 700 1 130 0.204 c 11 
21 20 SA'AT 1 921 1 130 0 734 204 
22 23 PR1 SWA' 1 703 1 133 234 : 204 
PRt SA: A" I 9.4 1 13,1 L 21 4 3 20>' 
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iF. itr ; 
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2 0 D0O 4.721 0 116 -0.330 5 169 0.000 . 
0 063 4.712 0 100 -0 325 5 138 0 000 
0167 4.703 0082 -0.321 5 107 0000 
0 250 4 694 C 06+ -0.317 5 076 0 00C Z 21-. 
0 333 4 686 C 046 41313 5.045 0 000 0. C00 
0417 4677 C028 -0 309 5014 0000 0.030 
0 500 4.668 0 010 -0.305 4 983 0 000 0.000 
05m 4660 -D 008 -0 300 4 668 0 00D C 000 
0 667 4 651 , 026 -0296 4 973 0 000 Dý; 
0 750 4 642 -3044 -0.292 4 978 0 000 0 030 
0 833 4-634 -0 062 -0.288 4 983 0 ODO 0.000 
0 917 4 625 0 060 -0.284 4 969 0 000 C OJO 
1000 4.616 -0098 -0.219 4994 0000 C. DDD 
2 2 0 000 3 793 C 0B6 -0 207 4 096 0 002 C 070 
0 083 3,84 v o-19 -0.148 4 011 0002 OA ?7 
0 167 3 775 0 061 -0.089 3 926 0 312 
_ 0 0±: 
0 250 3.757 0043 -0.031 3 841 0 002 0 000 
0333 3758 0026 0.01'8 3812 0002 0000 
- -Gor 
3.749 0008 O. C87 3814 0002 0.0)C 
05m 3 740 -0 009 0 146 3 895 0 002 0 ODO 
0583 3.732 0021 0.204 3963 0.002 0,070 
0 667 3 723 -0 015 0.263 4 311 0 002 0 300 
0 750 3.114 -0 062 0.322 4 098 0 072 0.03. 
0 833 3 706 D 060 0 381 4 166 0 002 0 DOO 
0917 3.697 0097 0.440 4234 0002 0000 
1 000 3 688 0 115 0.498 4 301 0 CO2 0 037 
3 2 0 000 5.237 -0 096 -1.029 0 362 0 042 -0 ODO 
0 063 5 236 -0 082 0 552 5 872 0 032 -0 000 
0.161 5.240 -0 068 1.717 7.025 0022 -0. OD0 
0250 5241 C054 2457 7762 0013 00co 
0 333 5243 a(90 2.802 8 085 0 003 -0.000 
0417 5244 -00. ''6 2721 7991 -0007 
-0000 
0 500 5 246 U012 2.225 7 483 -0 016 -0.000 
0 583 5 247 0 002 1 313 6 563 -0 026 -0.000 
0 667 5.249 C 016 -0.013 5 279 -0036 -0. ODO 
0 750 5 250 C 030 -1.756 7 037 -0046 -0.300 
um 5.252 0 044 -3.914 9.210 -0055 -0.000 
0 617 5.253 0058 -6.487 11 799 '0065 -0ODO 
1 000 5.255 C 072 9475 14 803 -0 075 C. 000 
4 2 0 000 3D90 0 010 -13 02G 16 126 0 096 O. 000 
0 083 3.089 0 002 -9.015 12 106 0 089 0.000 
0 167 3087 -0 006 -5.420 8 513 0 079 0.000 
0 250 3.086 -0 015 -2.240 5 340 0 070 0. D00 
0 333 3 C84 -0 023 0 524 3 631 0 060 GOOD 
u 41i 3 . 
682 ý0 031 2.813 5 967 0 050 0.000 
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0500 3081 -0039 4837 7927 0.043 0.000 
0583 3079 0047 6325 9452 0031 0000 
0 667 3 0.16 -0 056 7 425 10 561 0 321 0.000 
0 750 3 076 -31)64 L 115 11 255 0 311 C 000 
0 833 3.075 -C 072 8 387 1 1.534 0 302 C. 003 
0§17 3 073 -0 080 8 244 11 397 -0005 0 030 
I 000 3.072 0 O85 7 555 10 845 -0015 0.009 





0044 -0 . 194 5 130 
0 001 0 001 
0167 4851 -0007 -0151 5042 0301 1 330 
0250 4575 -0059 -0108 5042 0001 3.001 
0 333 4.866 Clio 0 065 5 042 0 001 C 351 
0417 4 557 -3162 -0.022 5.041 0001 0.001 
0 500 4 549 -0213 0 C21 5 063 0001 001 
0 583 4 840 -0 265 0 064 5 168 0 001 -w-, 
0 667 4 631 -0 316 0 105 5 254 0 001 C^3' 
0750 4823 -0 366 0149 53-30 0001 0001 
0 833 4.814 0 419 0192 5 425 0 001 0.001 
0917 4505 -0471 0235 5511 0001 0.001 
1 000 4 797 -C 522 0 278 5 596 0 001 
0.001 
8 2 0 000 O488 0 049 0.259 6 796 0 001 . 0.00' 
0083 6479 0092 -0 212 6793 0001 -000, 
0 157 6470 0 136 -0 . 155 6 
771 0 001 100' 
0 250 8 482 0 179 0 118 6 759 0 001 3 001 
0333 6.453 0: 23 0.071 6.747 0001 0001 
0417 6444 0266 -0 C24 6734 0001 -^301 
0 500 6 435 0 309 0. C23 6 768 0001 
0583 6427 0353 0070 0850 0001 -0W1 
0867 8418 0396 0.117 093, 0351 -0.001 
0750 6409 0440 0.164 7013 0001 -0001 
0 833 8 401 04W 0.211 7 095 0 001 0.001 
0217 6392 0527 0.258 7175 0001 -0001 
1.000 6.383 0 570 0.305 7 258 0 001 -0 001 
7 2 0 000 6.079 0 161 -10.110 16 950 0.062 0.301 
0 063 6 077 0 127 . 7398 13 603 0 073 0.001 
0167 6076 0093 4502 10671 0083 0.001 
0 250 6 074 0 058 2021 . 6 154 0 053 C 001 
0333 6073 0024 0.044 6140 0043 0.001 
0417 6071 -0010 1694 7775 0034 0537 
0500 607C -0 045 2.929 9043 0024 0001 
0 583 6 068 -0079 3 746 9 595 0 014 0 001 
0 667 6.067 -0 113 4.151 10 331 0.005 0.001 
0 750 6 065 -0148 4,14 On 2 -0 W5 0 001 
0 533 8 083 -0 182 3.713 9%8 -0.015 0.001 
09,7 6 062 -0216 2570 9149 -0 025 0.001 
rv-*. »n.. , Lx; nc». 2 
Beam stress data (sheet 2) 
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0 500 1081 -0 039 4.807 7.927 0 040 0.000 
0583 3079 -0047 6325 9452 0031 000^ 
0667 3.078 -0,056 7.428 10.561 0021 0.000 
0 750 3 076 -0 064 8.115 11 255 0 011 0 000 
0%33 3075 -0 072 8.387 11 534 0 002 0.000 
0 917 3 073 COW 8.244 11 397 -0008 C 200 
1000 3072 -0068 7.685 10845 -0018 0.000 
5 2 0 000 4 931 Cox 0236 5 233 0 001 0 001 
0 D83 
---- 0 167 
4.892 
----- 4 884 
0 044 
-- - --- 
-0 007 
-0.194 








0 250 4875 -0 00 -0.108 5042 0001 0.001 
0 333 4 86E -0 110 -0 065 5 042 0 001 04301 
0417 4.857 0162 -0.022 5.041 0001 0.001 
0500 4649 -0213 0.021 5.083 0001 0D01 
0 583 4 840 -0.265 0064 5.168 0 001 0.001 
0667 4631 . 0316 0.106 5254 0031 000? 
0 750 483 -0366 0,149 5 340 06-0-1 O 001 
0833 4.814 0419 0.192 5425 0557 0001 
0917 4.805 -0471 0.235 5591 0001 0.001 
1000 4.797 -0522 0.278 5596 0001 0.001 
6 2 0 000 6,458 O (Mg -0.259 6 796 0 001 -0.001 
0 D83 6 479 0 092 -0 212 6 763 0 001 -0001 
0 167 6170 0 136 -0.165 6 771 0 004 -0.001 
0 260 6 462 0 179 .0 118 6 759 0 001 0031 
0333 8453 02: 3 0.071 6,747 0001 -0.001 
0 417 6444 0 266 -0 C24 6 734 0 001 . 0001 
0.500 643S 0 309 0.023 6 768 0 001 -0.001 
0 583 6 427 0 353 0 070 6 850 0 001 -0.001 
0867 E416 0396 0.117 0.931 0.7J1 -0.001 
0750 5409 0440 0164 7013 0001 0001 
0 833 8401 0.483 0,211 7 095 0 001 0.071 
0 917 8.392 C. 527 0258 7.176 0 301 -0.001 
1.000 0.383 C 570 0.305 72,18 0001 -0 501 
7 2 0 000 8.079 0 161 -10 710 18950 0.062 0.001 
0 083 6077 0 127 -7398 13 603 0 073 0.001 
0 167 6076 0 093 <. 502 10 671 0 063 0.001 
250 16 074 0 058 -2021 
8 154 0 353 0 001 
6.073 0 024 0044 6 140 0 013 0.001 
6C71 0010 1694 7775 0034 cool 
6C70 -0 04:. 2.929 9043 0024 0.001 
P 
6 D58 -3079 3748 9 895 0014 0 001 
6.067 -0 113 4.151 10 331 0.305 0,001 
6.065 -0148 4.140 10 352 -0.005 0.001 
6063 -0182 1713 9968 -0915 0.001 
0917 6.062 -0216 2.870 9149 -0025 0.001 
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0417 4.858 0131 0.098 5.087 0.002 -0 . 
000 
0 500 4 849 0 137 0 165 5 151 0 002 -0 000 
0 583 4.540 0.143 0.231 5 215 0 05 -0.000 
0667 4.832 0749 0298 5279 0002 0.303 
0.750 4.823 0155 0.365 5313 0002 3.023 
0 633 4 814 0 162 0 431 5 407 0002 -C LX 
0917 4. BD6 0.168 0.498 5471 0002 -0.0.0 
I 500 4197 0 174 0.564 5 535 0 002 -2033 














0167 5.982 -0090 -4.510 10582 0063 0.0.1 
0250 5DBO 0055 -2.025 8061 0053 -0.001 
0 333 5.979 -0 019 0.044 6 012 0.044 -0.071 
0417 5977 0016 1698 7691 0034 -0.001 
0 500 5.976 0 051 2.937 8 964 0 024 -0,001 
0 583 5.974 0 007 3.760 9 821 0 014 0 001 
0667 5.973 0122 4.168 10262 0005 -0021 
0 750 5.971 0 158 4.160 10 289 -0 O05 -0 3.1 
0633 5.970 0193 3.737 9900 -0015 -0.001 
0917 5.968 0228 2 899 9095 -0024 0,001 
I D00 5.966 0 261 1.645 7.875 -0034 -0.011 
13 2 0000 3774 0079 -0-214 4067 0001 0001 
0 D83 3,765 0050 -0.161 3 976 0 001 0,007 
0167 3.757 0 021 0.107 3 884 0 001 0 031 
0 250 3.748 0 008 0.053 3 809 0 DO I 0.001 
0 333 3.739 0037 0.001 3 777 0 001 0.031 
0 417 3.731 0066 0.054 3 851 0 001 0.031 
0 500 3 722 -0095 0.108 3 925 0 001 0.001 
0 583 3.713 0 125 0.162 3 999 0 001 0.031 
0 667 3704 -0 154 0 216 4 074 0 001 0.031 
0 750 3.696 -0 183 0269 4 148 0 001 0,001 
0.533 3.687 -0212 0.323 4 222 0 001 0.001 
0917 3578 -0241 0.377 4296 0001 0.001 
t DOD 3.670 -0270 0.431 4 370 0.001 0.001 
10 2 0 DOD 5 099 0 110 -0.859 8 068 0 041 C 
630 
0 D83 5.100 0 094 0.703 5.896 0 032 0023 
0 167 5 102 0 078 1.856 7 030 0 022 C 030 
0 250 5.103 0 062 2.562 7747 0 012 0 000 
0 333 5 105 0 046 2698 00.19 0 003 C 072 
0 417 5.106 0 030 2.799 7 936 . 0007 0.000 
0500 5108 0074 2.284 7406 -0017 0030 
0 583 5.110 
-0.002 
1.354 6 466 -0027 G. 000 
0 667 5.111 -0018 0.009 5.138 -0036 0.070 
0 750 5.113 -0.034 1.752 6 895 -0.046 0.0D0 
0 B33 5.114 -0.050 -3.028 9 092 -0058 3.030 
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0 917 5116 -0 066 -0.520 11.701 -0 066 0 DOD 
1 000 5.117 -0 062 -9 527 14 726 -(1075 0 000 
15 2 0 000 4 621 0 262 0.124 5.007 0 000 0.000 
O OM 4 629 0 253 0140 5 023 0 000 0 000 
0167 4638 0244 0.157 5039 0000 0.000 
0 250 4 647 0 235 0 173 5 054 G DO() 0.000 
0 333 1 4 655 0 226 0.189 5 070 0 000 0.000 
0a17 4661 0216 0206 5086 0000 0000 
0500 4673 0207 
__ 
0.222 5102 0000 0000 
0 583 i &i. - 0 196 0.238 5 118 0 000 0 000 
0 667 4 090 0 189 0.255 5 134 0 000 0.000 
0 750 4699 0 180 0.271 5 150 0 000 0.000 
0 833 4 7D8 0 171 0.287 5.165 0 000 0.000 
0917 4716 0161 0303 5181 0000 0000 
1 000 4 725 0 152 0.320 5 197 o wo 0.000 
16 2 0000 3081 0096 7.450 10627 0019 0030 
0083 3082 -0 068 8.038 112013 0 009 -0 000 
0 167 3084 0079 8.210 11 373 -0 001 ý0 303 
0250 3085 -0071 7,967 11123 10011 0.000 
0 333 3 087 0 062 7.308 10 457 -0020 . 0001) 
0 417 3.088 -0 054 6.234 9 3,76 10030 0.000 
0 e 1 ODC 0045 4 745 7 679 10 040 -0 000 i 
, 3 291 0 036 2.840 5 968 10049 -0.000 
0 667 3D93 C 028 0520 3 643 10059 . D000 
0 750 3 094 0 019 -2.216 5 330 0 069 0.000 
0833 3096 ý0D11 -5.367 8474 -0 : 79 -0.000 
0 917 3 097 ý0 DM -9.934 12 033 -0 088 0.000 
1D00 3390 0 006 -12 916 160.11 -0 396 G 000 
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PR0BLEMSTATISTIC9 
MA4fF. R OF J0INTSjMf26ilA ýf. LEI4ºMT5/SUPPORTS " 24/ 3S/ A 
ORIGINAL/FINAL BAND-RIDTM" 22/ 9/ 60 DOF 
T0-A: PRIMARY LOAD CASES " 2. TOTAL DEMMES OF FREEDOM " 144 
SI7. E Cr STIFTbLSS MATRIX "9 DOUBLE KILO-1IORDS 
REQRD/AVAIL. DISK SPACE " 12.2/ 3N926.1 MB. -QMM " 4096.0 MR 
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